Abstract. Rapidly growing urbanization causes the increase of noise level of various sources, that have a negative impact upon people's health. The contribution of noise caused by motor transport in city environment composes up to 80% of general impact of all the sources. The article presents the results of modeling of the spread of motor transport noise of Šiauliai city, maps of motor transport noise, recommendations for management of environment noise. MapNoise programme module, adapted to work in the ArcGIS Desktop 9.1 environment, was used for modeling motor transport noise. Noise measurement researches have been carried out using digital noise isolator Nor121, completed with digital level detector. NorXfar software was used to send the data to personal computer. Having evaluated the validity of modeling results it has been determined that the difference between the night noise modeling and measurement results does not exceed 2.2%, and varies from 0.5 dB(A) to 1.1 dB(A). The obtained results indicate that 7.2% of the apartments of all city residents are influenced by the LDEN noise that exceeds the permitted noise level (LDEN > 65 dB(A)) and 31.2% of the apartments of the residents are influenced by night noise that exceeds the permitted noise level (LN > 55 dB(A)).
Introduction
Development of urbanized territories, industrial districts, roads, railroads, infrastructure of air transport more and more expands the zones of acoustic discomfort that involve more residential and public territories and residents present in these territories. The greatest sources of anthropogenic origin noise are the noise of transport (roads, railroads, air), industrial objects, public noise (Ustinavičienė et al. 2004; Baltrėnas et al. 2004) .
The impact of noise upon the organism first of all is related to the intensity of irritating impact caused by noise. The impact of noise upon human's organism depends on the manner of noise (intensity, spectrum of frequencies, etc.), time and duration of impact, as well as individual organism features: age, health, noise sensitivity. Elderly people, people having physical and mental disability, working in noisy environment are the most sensitive to noise. First of all, irritating noise effect depends upon individual evaluation of noise as unwanted i.e. irritating and disturbing. It depends upon individual reactions, psychological response and person's ability to overcome tension. Noise is subjectively evaluated as stressor and this subjectively perceived irritant has impact upon health. Model of noise, as a source of stress: sound (subjectively perceived sound) -stress indicators (increased production of stress hormones) psychophysiological risk factors (arterial blood pressure, blood lipids, glucose, etc.) -heart and veins' diseases (Rimovskis, Ramonas 2005; Mačiūnas et al. 2007) . Health hazard appears when sound level for adults is higher than 140 dB(A), for children 120 dB(A); therefore, a person may become deaf right away. 110 dB(A) noise level may cause temporary deafness. If sound level is always higher than 85 dB(A), hearing lesion may be caused, hearing might weaken (Oškinis et al. 2004) .
According to the data of World Health Organisation (WHO), even 40% of residents of European Union are affected by increased environment noise during the day and around 20% -during the night. In Europe every day 450 million people are affected by 55 dB(A) noise level, 113 million -65 dB(A) and 9.7 million experience 75 dB(A) noise (Transportinio triukšmo… 2005) .
Motor transport noise composes 80-82% of general noise level in city territories. Various urban, technological, administration and constructional means are applied to reduce noise impact. Using windows with various glass package constructions, the noise coming from the street in a room may be reduced from 15 to 32 dB(A). Noise screens may reduce noise level behind the screen from 9 to 12 dB(A) (Rimovskis, Ramonas 2005; Transportinio triukšmo… 2005; Crocke 1999) .
Noise management in European Union is regulated by Directive 2002/49/EC adopted in June 25, 2002 "Regarding the Evaluation and Management of Environment Noise". Its goal -to describe general procedures that aim to avoid environment noise according to foreseen priorities, to reduce environment noise, to protect from conse-quences of its harmful affect, including irritation as well. Directive aims not only to manage noise in strongly influenced territories but also to preserve silence in rather calm areas.
Conception The aim of the work -while measuring, calculating, and modeling (Oškinis et al. 2004; Vasarevičius, Graudinytė 2004; to evaluate the spread of motor transport noise in Šiauliai city, to make the maps of motor transport noise, to suggest the means to reduce motor transport noise in the city (Stauskis 2001) . In the city there are 4 gymnasiums, 12 secondary schools, 12 basic schools, 7 primary schools, 9 schools of children's informal education, 29 kindergartens, 18 health and medical treatment institutions (2006-2007 m. transporto... 2007) .
The main parameters that motor transport noise depends upon are technical condition of operating means of transport, quality of streets' cover, traffic intensity, driving speed and streets' blockage (Vilniaus visuomenės… 2000) . Besides, specific features are characteristic to transport: 1) constantly increasing traffic in the city (5-8% in Šiauliai every year); 2) great concentration of cars in small areas (329 streets, 430 street lines, 60 main crossroads); 3) dynamics of day and night of motor transport traffic (morning and evening rush hours when traffic intensity reaches 2000 and more cars per hour); 4) little possibilities of limiting of auto-mobilization; 5) slow development of streets' network, security of quality of streets' cover (Rimovskis, Ramonas 2005; 2006 m. transporto... 2007 ). 
Methods of the research
L D -average long-term A weighted sound pressure level, determined for the day time of one year (12 hours); L E -average long-term A weighted sound pressure level, determined for evening time of one year (4 hours); L N -average long-term A weighted sound pressure level, determined for night time of one year (8 hours).
For mapping motor transport noise we have used MapNoise programme module fitted to work in ArcGIS Desktop 9.1 environment. MapNoise software was created in cooperation of companies RAPIDIS and TetraSoft and based on prediction model of noise conditioned by roads' traffic in North countries, which is used to evaluate the impact of traffic upon the environment, projecting and planning the means of noise reduction. In the model each means of transport is evaluated as a separate moving sound source which the amount of noise emission depends upon the type, speed of motor transport, manner of road's cover and traffic conditions. With MapNoise programme the calculations of outlines of noise spread in the investigated territory and calculations of values of noise indexes close to the facades of buildings are performed.
We have performed noise spread calculations in the whole city's territory according to the density of 10 m×10 m calculation points, at 4 m altitude from the ground. For mapping motor transport noise we have used vector map of Šiauliai city (GIS), the data of research of motor transport traffic intensity in the streets of Šiauliai city that were carried out in 2007 by SE Transport and Road Research Institute, and information about the number of residents in the city which was presented by Municipality Information Department (Stanfeld et al. 2000) .
In order to evaluate the validity of motor transport modeling data we have carried out permanent noise measurements in the central part of the city, in territories of selected, closest to the streets kindergarten "Kregždutė" (address: P. Cvirkos St. 60) and the hospital of Šiauliai region (address: V. Kudirkos St. 82). Uninterrupted noise researches in the environment of kindergarten were performed on July 22-25, and in the environment of the hospital of Šiauliai region on October 14-17.
When performing noise measurements the microphone was installed outside of the building by the distance of 1 m from the facade, at 4 m altitude. We have performed the measurements with the 2 nd class digital noise analyser Nor 121, completed with digital level detector, which precision 0.2 dB, the range of measurement from 15 to 140 dB(A). Permanent noise measurements have been carried out with the analyzer working at environment regime. For control purposes we have used 80 dB(A) threshold value of sound recording and record interrupting. We have used NorXfer software to transfer noise measurement data saved in device's memory (the capacity of hard disk 8 GB) to personal computer.
Using the obtained data, we have calculated the values of noise indexes of day L DEN and night L N and compared them with the meanings of modeling of motor transport noise near the facades of the mentioned buildings.
The obtained noise modeling and measurement values were compared with the marginal values of noise indexes presented in the Hygiene norm of the Republic of Lithuania HN 33:2007 "Acoustic noise. Noise marginal values in residential and public buildings and their environment" (Table 1 ). (Fig. 2) and night L N (Fig. 3 ) noise indexes and the meanings of these noise indexes near the facades of evaluated buildings.
Results of the research of motor transport noise
General noise strategic map of agglomeration of the municipality of Šiauliai city which will consist of revised maps of noise spread of motor transport, railroad, airport and industrial noise, must be prepared and approved till June 30, 2012.
Average annual day and night traffic intensity (AADNTI) in the main streets of the city varied from 7550 to 25 310 cars per 24 hours. The highest traffic intensity has been noticed in parts of Tilžės street between Pramonės and Aukštabalio streets (25 310 cars/day), Aukštabalio and Gardino streets (23 045 cars/day), and Dubijos and Pramonės streets (21 627 cars/day). Referring to AADNTI, the second place is occupied by Architektų street line between Gardino and Aukštabalio streets (22 379 cars/day). The third place is occupied by Žemaitės street line between Dubijos and Vilniaus streets (20 431 cars/day), and in the fourth place there is Pramonės street line between Tilžės and Išradėjų streets (20 287 cars/day). The biggest traffic of freight cars in Tilžės street lines between Pramonės and Aukštabalio streets (4261 cars/day), Aukštabalio and Gardino (3882 cars/day), and Vytauto and Dubijos streets (3415 cars/day). In the street line of Žemaitės street between Dubijos and Vilniaus streets the intensity of trucks was 2816 cars/day, in Architektų street line between Gardino and Aukštabalio streets 2554 cars/day (Triukšmas ... 2000) .
According to the data of motor transport noise mapping in Šiauliai city, the highest L DEN noise level (from 65 to 69 dB(A)) among 43 institutions of general education is in the environment of J. Janonis gymnasium, Santarvė and Daukantas secondary schools and Jovaras basic school that are in the central part of the city near to the main streets. In the city there are no kindergartens or health care and medical institutions that would get into L DEN meaning interval exceeding the allowed level L DEN (65 dB(A)).
Altogether in the city there are 539 dwelling houses, in which environment allowed L DEN noise indexes are exceeded. These are the dwelling houses near the main streets in the southern and central parts of the city (Že-maitės, Tilžės, Vilniaus, Dubijos streets and Aušros avenue). In the environment of 50 dwelling houses where 614 persons have declared their place of residence L DEN noise index was exceeded from 5 dB(A) to 10 dB(A).
The number of persons whose houses are affected by L DEN noise exceeding the allowed noise level (L DEN > 65 dB(A)) is equal to 8907 and makes 7.2% of all city's residents. The number of persons whose houses are affected by night noise exceeding the allowed noise level (L N > 55 dB(A)) is equal to 38 623 and makes 31.2% (Table 2). In order to evaluate the validity of motor transport modeling results we have used the data of permanent noise measurements in the environments of kindergarten "Kregždutė" (address: P. Cvirkos St. 60) and the hospital of Šiauliai region (address: V. Kudirkos St. 82) that are in the central part of the city (Figs 4, 5) .
According to modeling data, in the environment of the hospital of Šiauliai region the average of day/evening/night noise L DEN is equal to 57.7 dB(A), and the calculated value of measurements -58.5 dB(A). The difference is 0.8 dB(A) and comprises 1.4%. Modeling value of night noise L N is 48 dB(A), measurement value -47.4 dB(A). Difference -0.6 dB(A) or 1.3% (Table 3) .
In the environment of kindergarten "Kregždutė" modeling value of day/evening/night noise is equal to 58 dB(A), measurement value -58.5 dB(A). Difference is 0.5 dB(A) (0.8%). Modeling value of night noise -50 dB(A), noise measurement value -48.9 dB(A). Difference is 1.1 dB(A) or 2.2% (Table 3) . Mismatch between the results of modelling and measuring of day/evening/night and night noise in the central part of the city does not exceed 2.2% and varies from 0.5 dB(A) to 1.1 dB(A), therefore, motor transport mapping data is statistically reliable and may be used for evaluation of environment quality of the city.
Conclusions
1. The highest day noise level (LDEN) (from 65 to 69 dB(A)) among 43 institutions of general education is in the environment of J. Janonis gymnasium, Santarvė and Daukantas secondary schools and Jovaras basic school that are in the central part of the city near to the main streets.
2. In the city there are no kindergartens or health care and medical institutions that would get into LDEN meaning interval exceeding the allowed 65 dB(A) level.
3. In the city there are 539 dwelling houses, in which environment allowed day or night noise indexes are exceeded. These are the dwelling houses near the main streets in the southern and central parts of the city (Žemaitės, Tilžės, Vilniaus, Dubijos streets and Aušros avenue).
4. In the environment of 50 dwelling houses where 614 persons have declared their place of residence day noise index was exceeded from 5 dB(A) to 10 dB(A).
5. The number of persons whose houses are affected by day noise exceeding the allowed noise level (LDEN >65 dB(A)) is equal to 8907 and makes 7.2% of all city's residents.
6. The number of persons whose houses are affected by night noise exceeding the allowed noise level (LN >55 dB(A)) is equal to 38 623 and makes 31.2% of all city's residents.
7. Mismatch between the results of modelling and measuring of day and night noise in the central part of the city does not exceed 2.2% and varies from 0.5 dB(A) to 1.1 dB(A), therefore, motor transport mapping data is statistically reliable and may be used for evaluation of environment quality of the city.
Recommendations
We suggest to implement the following means for managing environment noise in Šiauliai city:
1. In accordance with noise modelling data, to prepare the study of usage opportunities of the most effective motor transport noise reduction means (urban, technological, constructional, and administrational) in the areas (to develop renovation of apartament buildings, kindergarten, school, health care and medical institution buildings) that exceed allowed noise level.
2. To develop the system of circuit roads of the city (by the detour section of south and east,in the directions of Vilnius and Riga), to set up underground, multistoreyed, computerized car parking lots.
3. To limit intensity of motor transport traffic (in the section of Tilžė street and Aušra avenue, as well as in the section of Ausra avenue between Tilžė and Žemaitė streets) distinguishing traffic lines only for public transport and to prepare the study of electrical (trolleybuses) in the infrastructure of city's publik transport.
4. To remove industrial building and equipment of industrial purpose ("Rūta", "Verpstas", "Elnias") from the central part of the city (to the planned industrial park).
5. To distinguist and approve public silent areas in the territory of Šiauliai city (in the territory of kindergartens, schools, health care and medical institutions and parks of Dainai and Lieporiai microdistricts) and perform noise level control there.
